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(54) PHOTOELECTRIC CONVERSION MATERIAL AND PHOTOELECTRIC CELL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a photoelectric conversion material which 
has high stability and high conversion efficiency by using a simple construction, and 
a photoelectric cell using this material. 

SOLUTION: This photoelectric conversion material contains electron donors, 
spherical shell carbon (fullerene group or the like) as electron acceptors, and linear 
or cylindrical carbon (carbon nanotube or the like) as charge carrier. The 
photoelectric conversion material may contain further photosensitizer (porphyrin 
group or the like). In the photoelectric conversion material, the respective 
components may be arranged or orientated two-dimensionally or three- 
dimensionally. For example, photoelectric conversion material or an element which 
have laminated structure can be constituted by using an electron donor layer 
containing electron donors, a photosensitizing layer containing photosensitizer and a 



charge carrying layer containing electron acceptors and charge carrier. Spherical 
shell carbon may be included in the electron donor layer and the charge carrying 
layer, and concentration of the spherical shell carbon in the electron donor layer 
may be made smaller than that in the charge carrying layer. 
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CLAIMS 



[ClaimCs)] 

[Claim 1] The photo-electric-conversion ingredient containing the spherical shell- 
like carbon as an electron donor and an electron acceptor, and the line as a charge 
transporter or tubed carbon, 

[Claim 2] The photo-electric-conversion ingredient according to claim 1 which 
furthermore contains a photosensitizer. 

[Claim 3] A photosensitizer intervenes between an electron donor and a charge 
transporter, and an electron acceptor is arrangement or the photo-electric- 
conversion ingredient according to claim 1 which is carrying out orientation two- 
dimensional in each component, or in three dimensions about a carrier at the gestalt 
which can be given to a charge transporter. 

[Claim 4] The photo-electric-conversion ingredient according to claim 1 which 
consists of charge transportation layers which are formed on the electronic supply 
layer containing an electron donor, and this electronic supply layer, and contain an 



electron acceptor and an electronic transporter. 

[Claim 5] A photo-electric-conversion ingredient given in one term of claims 1-3 
which consist of charge transportation layers which are formed on the 
photosensitization layer which is formed on the electronic supply layer containing an 
electron donor, and this electronic supply layer, and contains a photosensitizer, and 
this photosensitization layer, and contain an electron acceptor and an electronic 
transporter. 

[Claim 6] A photo-electric-conversion ingredient according to claim 4 or 5 with the 
concentration of spherical shelHike carbon [ in / the electronic supply layer and the 
charge transportation layer contain spherical shell-like carbon, and / an electronic 
supply layer ] smaller than a charge transportation layer. 

[Claim 7] A photo-electric-conversion ingredient given in one term of claims 1-6 as 
which spherical shell-like carbon was chosen from fullerene. the qualification object 
of those, and a metal endocyst object and which are kinds at least. 
[Claim 8] A photo-electric-conversion ingredient given in one term of claims 1-6 as 
which a line or tubed carbon is carbon of the gestalt of the shape of the shape of a 
tube, fibrous, or a ribbon, and was chosen from a carbon nanotube. a graphite nano 
fiber, a graphite ribbon, fibril, intercalated graphite, and those qualification objects 
and which are kinds at least. 

[Claim 9] The photo-electric-conversion ingredient according to claim 2, 3, or 5 
whose photosensitizer is the pi electron system compound chosen from porphyrins, 
metal chelate compound. Pori aniline, the aromatic series polycyclic compound, and 
the compound that has the poly acene system skeletal structure. 
[Claim 10] The photoelectric cell which consists of photo-electric-conversion 
ingredients according to claim 1 . 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the photoelectric cells (solar 
battery etc.) using the photo-electric-conversion ingredient and it which were 
constituted from a photosensitizer by an electron donor, an electron acceptor, an 
electronic transporter, and the need. 
[0002] 

[Description of the Prior Art] The silicon system photo-electric-conversion 
ingredient and the compound semiconductor system photo-electric-conversion 
ingredient are mainly used for the solar battery by which current utilization is carried 
out, and the organic system photo-electric-conversion ingredient is seldom used for 



it. On the other hand, since conductive polyacethylene was discovered in 1977. 
research of the solar battery using an organic thin film has also been done briskly. 
However, generally, the solar battery using an organic system ingredient has low 
stability, and, moreover, its rate of energy conversion is low. 

[0003] The metal complex polymer which consists of metal complexes which have a 
bipyridyl unit, and has photosensitivity even in a light field and a near infrared region 
is indicated by JP,10-81 754,A. However, while this metal complex polymer has 
complicated structure, it is necessary to use the special ligand configurated to a 
bipyridyl unit. 

[0004] The photoconductor which consisted of kinds and the matrix polymers which 
this amorphous fullerene distributed of amorphous fullerene, such as a carbon 
cluster which has a with a carbon numbers of 70 or more basic frame, and the 
derivative of those is indicated at least by JP,9-73180,A. The photo conductor 
equipped with the charge generating layer which becomes this reference from a 
conductive base material, and the charge transportation layer formed on this 
conductive base material and said photoconductor is also indicated. These photo- 
electric-conversion ingredients are useful as sensitive material, such as 
photoelectric cells, such as a solar battery, and a photo conductor. However, still 
higher photoelectric conversion efficiency is searched for also from this ingredient. 
[0005] The photocharge separation ingredient which consisted of compounds (for 
example, compound which an organometallic complex unit, a porphyrin unit, and 
fullerene units, such as a ferrocene, combined by the linker one by one) which 
connoted spherical shelHike carbon molecules, such as C60 and C70. as an electron 
acceptor is indicated by JP.2000-261016,A. In this reference, an electron donor, a 
photosensitizer, and an electron acceptor are arranged in three dimensions, and the 
photoelectric cell which consisted of a photocharge separation ingredient which gave 
directivity to the charge separation condition by optical pumping, and this 
photocharge separation ingredient is also indicated. However, since said photocharge 
separation ingredient needs to carry out the endocyst of the spherical shell-like 
carbon molecules, such as fullerene. as an electron acceptor, it is difficult [ it ] to 
complicate structure and to manufacture a photocharge separation ingredient and a 
photoelectric cell advantageously industrially for high productivity. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention 
has a high photo-electric-conversion function, and is to offer the photoelectric cell 
using the photo-electric-conversion ingredient and it in which large-area-izing. thin- 
film-izing, lightweight-izing. and a cost cut are possible. 

[0007] Other purposes of this invention have structure in offering the photoelectric 
cell using the photo-electric-conversion ingredient and it which have high stability 
and conversion efficiency simply. 
[0008] 

[Means for Solving the Problem] In order that this invention persons may attain said 



technical problem, as a result of inquiring wholeheartedly, while spherical shell-like 
carbon, such as fullerene, functions effectively as an electron acceptor Lines, such 
as carbon nanotubes, or tubed carbon functions effectively as a charge transporter. 
Moreover, superficial (or two-dimensional structure) and linear carbon (for example, 
graphite ribbon etc.) found out having both the functions as an electron acceptor 
and a charge transporter, and completed this invention. 

[0009] That is, the photo-electric-conversion ingredient of this invention contains 
an electron donor, spherical shell-like carbon, and a line or tubed carbon. The 
photo-electric-conversion ingredient may contain the photosensitizer further. In a 
photo-electric-conversion ingredient arrangement or the array condition of each of 
said component (it is a photosensitizer by an electron donor, spherical shell-like 
carbon, the line or tubed carbon, and the need) It is not restricted especially as long 
as the carrier (an electron or electron hole) from an electron donor is efficiently 
conveyed to an electronic transporter, for example, between an electron donor and 
electronic transporters — a photosensitizer — intervening — and an electron 
acceptor — a carrier (an electron, electron hole) — the gestalt which can be given 
to a charge transporter — two-dimensional in each component, or three dimensions 

like — arrangement — or orientation may be carried out. More specifically, the 

photo-electric-conversion ingredient of two-dimensional structure may consist of 
charge transportation layers which are formed on the electronic supply layer 
containing an electron donor, and this electronic supply layer, and contain an 
electron acceptor and an electronic transporter (or charge transporter). Moreover, 
you may constitute from a charge transportation layer which is formed on the 
photosensitization layer which is formed on the electronic supply layer containing an 
electron donor, and this electronic supply layer, and contains a photosensitizer, and 
this photosensitization layer, and contains an electron acceptor and an electronic 
transporter (or charge transporter). In the photo-electric-conversion ingredient of 
such two-dimensional structure, the electronic supply layer and the charge 
transportation layer may contain spherical shell-like carbon, and may form the 
concentration, difference of spherical shell-like carbon between an electronic supply 
layer and a charge transportation layer. For example, the concentration of the 
spherical shell-like carbon in an electronic supply layer may be smaller than a 
charge transportation layer. 

[0010] As carbon of the shape of said spherical shell, fullerene, the qualification 
object of those, a metal endocyst object, etc. can be illustrated, and the carbon of 
the gestalt of the shape of the shape of a tube, fibrous, or a ribbon, for example, a 
carbon nanotube, a graphite nano fiber, a graphite ribbon, fibril, intercalated graphite, 
those qualification objects, etc. can be illustrated as a line or tubed carbon. 
Furthermore, as a photosensitizer. a pi electron system compound, for example, 
porphyrins, metal chelate compound. Pori aniline, an aromatic series polycyclic 
compound, the compound that has the poly acene system skeletal structure can be 
illustrated. 



[0011] Said photo-electric-conversion ingredient has high photoelectric conversion 
efficiency, and is extremely stable. Therefore, this invention includes the various 
components which consisted of said photo-electric-conversion ingredients, or a unit 
(solar battery etc.), for example, photoelectric cells. 
[0012] 

[Embodiment of the Invention] The special feature of the photo-electric-conversion 
ingredient of this invention is in the point which has combined spherical shell-like 
carbon, a line, or tubed carbon. Said spherical shell-like carbon can be operated as 
an electron acceptor, and a line or tubed carbon can be operated as a charge 
transporter. Moreover, it is superficial (or two-dimensional structure), and linear 
carbon (for example, graphite ribbon etc.) has both the functions of an electron 
acceptor and a charge transporter. 

[0013] Fullerene, the qualification object of those, a metal endocyst object, etc. are 
mentioned to spherical shell-like carbon. These spherical shell-like carbon is 
independent, or it can be used, combining it two or more sorts. As fullerene, 
fullerene, such as a carbon cluster. C60, C70, C74. C76, C78, C82, C84, C720, C860, 
etc., which has various spacial configurations, is mentioned. [ for example, ] The 
gestalt of fullerene may have the shape of the shape for example, of a football, and a 
buckyball etc. 

[0014] Fullerene may be embellished by installation of a substituent etc. Especially 
the qualification approach can embellish chemically the carbon five-membered ring 
section which is not limited, for example, is rich in the reactivity of fullerene. 
Especially the class of substituent may not be limited, for example, can illustrate 
alky I groups (CI -10 alky I groups, such as a methyl group and t-butyl etc.), aryl 
groups (phenyl group etc.), aralkyi radicals (benzyl etc.), a dioxolane unit, a halogen, 
or an oxygen atom, and may embellish it by installation of a liquid crystal polymer, 
coloring matter, polyethylene oxide, etc. By qualification of fullerene. the array or 
orientation of the solubilization to a solvent and a macromolecule, an improvement 
of compatibility, and fullerene is made possible. 

[0015] as the fullerene which connoted the metal — the [ various metal, for example, 
periodic table, ] — the [ 1 A group element (K, Na, Rb, etc.) and periodic-table ] — 
the fullerene by which metals, such as 2A group element and lanthanoids group 
elements (La etc.). were doped can be illustrated. It is independent, or two or more 
sorts of metals as a dopant are combined, and are good also as a dope. These 
metallofulferene is independent, or they may be used, combining them two or more 
sorts. 

[001 6] The carbon of the gestalt of the shape of the shape of a tube, fibrous, or a 
ribbon is contained in a line or tubed carbon. As such carbon, a carbon nanotube, a 
carbon nano coil, a graphite nano fiber (or carbon nano fiber), a graphite ribbon, fibril, 
intercalated graphite, etc. can be illustrated, for example. These carbon material is 
independent, or it can be used, combining it two or more sorts. 
[001 7] Desirable lines or tubed carbon is the shape of the shape of a tube, and a 



ribbon, for example, carbon nanotubes. and graphite ribbons. Carbon nanotubes may 
be a monolayer carbon nanotube and a multilayer carbon nanotube, and it may have 
BAKKI onion (bucky-onion) structure, 

[0018] 0.7-300nm of 0,7-250nm of 1-250nm of average diameters of lines, such as 
carbon nanotubes, or tubed carbon may be about 5-250nm still more preferably 
especially preferably, for example. In addition, said average diameter means average 
thickness or average width of face with the carbon of a ribbon-like gestalt. 
[0019] In order to control the array or orientation of the solubilization to a solvent 
and a macromolecule, an improvement of compatibility, a line, or tubed carbon, 
carbon, such as carbon nanotubes. may be embellished by installation of a 
substituent etc. like said fullerene. The class of the qualification approach and 
substituent is the same as that of said fullerene. In addition, a metal may be doped 
as well as metallofullerene to carbon nanotubes. a graphite ribbon etc. — being 
superficial (two-dimensional structure) — moreover, since linear carbon contains 
many edge parts structurally, installation of a substituent and qualification metallurgy 
group endocyst are easy for it. 

[0020] Especially as an electron donor (an electron hole acceptor or electronic 
generating agent), although not limited, the macromolecule which is a conductive 
polymer and has a function as a p type semiconductor is desirable. As such an 
electron donor, poly thiophene system resin, such as PT [Pori (3-alkyl thiophene)], 
PPV[Pori ]. OOPV[Pori (P-phenylenevinylene) (2. 5-dioctyloxy-P- 
phenylenevinylene) Polyphenylene vinylene system resin, such as]. PEDOT [[3 and 
4-Pori (2, 3-dihydrothieno) b]-1 and 4-JIOKIN], and PSS [Pori (styrene sulfonate)], 
polyphenylene system resin (for example) Pori (p-phenylene) system resin, Pori (m- 
phenylene) system resin, those substitution products, etc. are mentioned. 
[0021] As a photosensitizer. pi electron system compounds (porphyrins, metal 
chelate compound, the poly aniline, an aromatic series polycyclic compound, 
compound that has the poly acene system skeletal structure), the pi electron 
system compounds (carbazole etc) containing a different-species element, the 
halogenated pi electron system compound, quinizarine. or its derivative can be 
illustrated that what is necessary is just an antenna molecule, i.e., the compound 
which absorbs light effectively and transfers an electron and an electron hole to 
other matter, for example. As porphyrins, the various compounds which have a 
porphyrin frame, for example, a porphyrin, a phthalocyanine, a metal phthalocyanine 
(phthalocyanine containing transition metals, such as an iron phthalocyanine), a 
tetra-benzoporphyrin. a tetra-phenyl porphyrin, or its derivative [metal tetra- 
benzoporphyrins (a zinc-tetra-benzoporphyrin. magnesium-tetra-benzoporphyrin, 
etc.). a tetrakis pentafluorophenyl porphyrin], etc. is illustrated. As metal chelate 
compound, metal salts (for example, transition-metals salt), such as a 
dimethylglyoxime, a dithizone. an oxine. an acetylacetone, a glycine, and EDTA 
(ethylenediaminetetraacetic acid), NTA. etc. can be illustrated, for example. 
[0022] As an aromatic series polycyclic compound, the polynuclear hydrocarbon 



compounded by condensation, such as petroleum systems, such as petroleum 
bottoms, naphtha pyrolysis residue, an ethylene bottom oil. coal liquid, and a coal tar. 
or coal system heavy oil, and naphthalene, the polynuclear hydrocarbon by which 
hetero atoms (a nitrogen atom, a sulfur atom, a boron atom, the Lynn atom, oxygen 
atom, etc.) were introduced into the structure of these hydrocarbons, and the 
polynuclear hydrocarbon which are further obtained by the solvent extraction from 
said residue etc. are illustrated. 

[0023] The compound which has the poly acene system skeletal structure is a heat 
treatment object of the condensate of the aromatic hydrocarbon compound and 
aldehydes which are indicated by JP,60-170163,A. and the atomic ratios of a 
hydrogen atom / carbon atom are 0.05-0.5. 

[0024] Especially as a compound which has a halogen atom, it is not limited, for 
example, chlorinated hydrocarbons corresponding to these, such as hydrocarbons 
fluoride, fluoride aromatic series polycyclic compounds (fluoride pitch etc.), a heavy 
oil fluoride, 6 fluoride benzene, octafluoro naphthalene, decafluoro phenanthrene. and 
a decafluoro pyrene, smell carbonizing-ized hydrogen, and iodination hydrocarbons 
can be illustrated. A fluoride pitch is desirable among these halogenides. These 
halogenides are independent, or they can be used, combining them two or more 
sorts. 

[0025] In addition, porphyrins can be used as porphyrin DIN DORIMA. and it can also 
use the. poly aniline, making it combine with an electron donor, an electron acceptor, 
and an electronic transporter by the chemical bond. 

[0026] The photo-electric-conversion ingredient which consisted of said 
components realizes the Takayasu quality and a high energy conversion rate. That is, 
while an electron moves to an electron acceptor from an electron donor by optical 
pumping, an electron hole moves to an electron donor and a charge separation 
condition generates efficiently. For example, while an electron moves to an electron 
acceptor from a photosensitizer by optical pumping of a photosensitize^ an electron 
hole moves to an electron donor from a photosensitizer, and a charge separation 
condition can be formed efficiently. And directivity can be given to a charge 
separation condition by the electronic transporter of a line or tubed carbon. 
Therefore, without deactivating, he can convey a charge and it is thought that high 
stability and photoelectric conversion efficiency are acquired. 

[0027] With such a photo-electric-conversion ingredient, probably because many pi 
electron systems exist in carbon material, such as fullerene and carbon nanotubes. 
with structural singularity, a strong interaction with light, intermolecular charge 
transfer, an electronic transport phenomenon, etc. arise, and it is thought that a 
photo-electric-conversion function is discovered at high effectiveness. For example, 
a photosensitizer gives an electron hole to an electron donor while it generates a 
carrier or a charge (an electron and electron hole) by optical pumping and gives an 
electron to an electron acceptor. Therefore, the photosensitizer has the function to 
separate a carrier or a charge (an electron and electron hole), and makes a 



consecutiveness reaction generate an available charge separation condition 
efficiently. Thus, since a photosensitizer can separate and convey the generated 
charge (an electron and electron hole), high photoelectric conversion efficiency is 
acquired as compared with the silicon system semi-conductor by charge generating 
in respect of pn junction. And lines, such as carbon nanotubes, or tubed carbon 
forms the percolation tract which is directive by little addition. Therefore, it is 
thought that the electronic transporter is very effective in charge transportation, 
and it can be conveyed, without carrying out deactivation of the charge. 
[0028] Said each component may form a photo-electric-conversion ingredient or an 
optoelectric transducer using physical or chemical vapor deposition, a lithography 
technique, etc., may be compound-ized with matrix resin and may form a photo- 
electric-conversion ingredient or an optoelectric transducer, as matrix resin — for 
example, polyolefine system resin (polyethylene system resin — ) A polypropylene 
regin, an ethylene-vinylacetate copolymer, an ethylene-(meta) acrylic ester 
copolymer, etc.. Vinyl acetate system resin (a vinyl acetate-vinyl chloride copolymer, 
vinyl acetate-(meta) acrylic ester copolymer, etc.), (Meta) acrylic resin (a 
polymethyl-methacrylate and methyl-methacrylate-(meta) acrylic ester copolymer - 
-) A methyl-methacrylate-styrene-(meta) acrylic ester copolymer etc.. polystyrene 
system resin (a polystyrene and styrene-(meta) acrylic ester copolymer — ) A 
styrene-(meta) acrylic-acid copolymer, a styrene maleic anhydride copolymer, etc.. 
Vinyl chloride system resin, polyester system resin (polyarylate system resin is 
included), Polyamide system resin, polycarbonate system resin, polyvinyl alcohol 
system resin, polyvinyl-acetal system resin (polyvinyl-butyral system resin etc.). 
polysulfone system resin, polyphenylene oxide system resin, etc. can be illustrated. 
These matrix resin is independent, or it can be used, combining it two or more sorts. 
[0029] As matrix resin, the compound which has a conductive polymer and the poly 
acene system skeletal structure is desirable, as a conductive polymer — for 
example, a polyacethylene system giant molecule (solvent insolubility resin, such as 
polyacethylene, — ) The solvent fusibility polyacethylene system resin using 
phenylacetylene etc., a polyphenylene system macromolecule (for example, Pori (p- 
phenylene) system resin — ) Polyphenylene vinylene system resin, such as Pori (m- 
phenylene) system resin and Pori (p-phenylenevinylene), Polyphenylene sulfide 
system resin, polyphenylene oxide system resin, etc.. a heterocycle type giant 
molecule (poly thiophene system resin, such as polypyrrole and Pori (3-alkyl 
thiophene), — ) lonicity giant molecules (pyrrole system resin, such as poly aniline 
system resin and Pori (3-methyl-4-carboxy pyrrole) etc.), such as Pori Fran system 
resin, poly seleno FEN system resin, and poly tellurophene system resin, a ladder 
mold giant molecule, etc. can be illustrated. As a conductive polymer, solvent 
fusibility resin is usually used. In addition, especially the class of matrix resin is not 
restricted, but can be chosen according to the function of layers, such as an 
electronic supply layer and a charge transportation layer, and uses n mold 
conductive polymer as a charge transportation layer in many cases, using p mold 



conductive polymer as an electronic supply layer in many cases. 
[0030] The compound which has said poly acene system skeletal structure indicated 
by the term of a photosensitizer is contained in the compound which has the poly 
acene system skeletal structure. 

[0031] In addition, if discotheque liquid crystal is used for an electron donor, it 
arranges in column structure and is effective for transportation of an electron hole 
and an electron. 

[0032] If the conductive polymer which has a p type semiconductor-property is used 
as matrix resin, fullerene will be easy to serve as a charge transfer group substance 
which incorporates an electron donor and has a n-type-semiconductor-property. 
Furthermore, the complex with fullerene and a conductive polymer shows a big 
response especially to light. This is considered to originate in forming the donor- 
acceptor mold component explained by different optical induction charge transfer 
from the pn junction component of a silicon system semi-conductor, and an exciton 
generates it in the whole complex by optical exposure. Therefore, in combination 
with a conductive polymer, a carrier (an electron, electron hole) is efficiently 
generated by using fullerene as an electron donor. 

[0033] In the photo-electric-conversion ingredient of this invention, the 
photosensitizer may be contained that what is necessary is just to consist of an 
electron donor, an electron acceptor, and an electronic transporter. Such a photo- 
electric-conversion ingredient may be the complex (or mixed constituent) of each 
component. In a desirable mode, each component of each other is associated and 
can be arranged two-dimensional (stratified) or in three dimensions, for example, 

two-dimensional in each component or three dimensions like — arrangement, 

association, or the structure that carried out orientation — setting — between an 
electron donor and electronic transporters — an electron acceptor — a carrier 
(electron) — the gestalt which can be given to a charge transporter — arrangement, 
association, or orientation — carrying out — **** — between an electron donor 
and electronic transporters — a photosensitizer — intervening — and an electron 
acceptor — a carrier (electron) — the gestalt which can be given to a charge 
transporter — arrangement and association — or orientation may be carried out. 
[0034] In order to dissociate and to move efficiently the carrier or charge (the 
electron or electron hole) generated by optical pumping of a photosensitizer, while 
the electron donor joins together or is close (or orientation), the electron acceptor 
(spherical shelHike carbon) joins together or is also close to the photosensitizer in 
the desirable mode, with the gestalt which can convey a carrier (or orientation). 
Furthermore, a charge transporter (a line or tubed carbon) is the gestalt which can 
convey a carrier, joins together or is close with said electron acceptor (spherical 
shell-like carbon) at least (or orientation), with said electron donor and said electron 
acceptor (spherical shell-like carbon), a charge transporter (a line or tubed carbon) 
is the gestalt which can convey a carrier through a photosensitizer. and may 
combine it, or may be close (or orientation). As such a photo-electric-conversion 



ingredient, the complex expressed with the following type can be illustrated, for 
example. 

[0035] Ed-Li -P-L2-Ea-(Ct) 

(Among a formula, a photosensitizer and Ea show an electron acceptor. Ct shows 
[ Ed ] a charge transporter in an electron donor and P, and. as for Ea-(CtX an 
electron acceptor Ea and the charge transporter Ct show association, contiguity, or 
that orientation is carried out.) It differs and LI and L2 show the same or the linker 
which connects an electron donor Ed. Photosensitizer P, and an electron acceptor 
Ea, respectively. 

In addition, association formed as a linker for combining said each component using 
the reaction of common use, for example, direct coupling, amide association, an 
ester bond, a urethane bond, ether linkage, etc. can be used. In addition, as an 
example of these linkers. JP,2000-261016,A etc. can be referred to. for example. 
[0036] In the desirable mode, the photo-electric-conversion ingredient (or 
optoelectric transducer) has two-dimensional layer structure (laminated structure). 
Such a laminated structure has the laminated structure which consisted of an 
electronic supply layer containing an electron donor, and an electron transport layer 
formed on this electronic supply layer. This electron transport layer usually contains 
an electron acceptor and electronic (spherical shell-like carbon etc.) transporters (a 
line or tubed carbon). The structure which consisted of charge transportation layers 
which are formed on the photosensitization layer which is formed on the electronic 
supply layer which contains an electron donor especially, and this electronic supply 
layer, and contains a photosensitizer. and this photosensitization layer, and contain 
an electron acceptor and an electronic transporter is included. In addition, the 
photosensitizer of a photosensitization layer may be distributed near the interface of 
an electronic supply layer and a charge transportation layer. 
[0037] In the photo-electric-conversion ingredient of such layer structure, the 
electronic supply layer and the charge transportation layer may contain spherical 
shell-like carbon. Moreover, the concentration of the carbon of the shape of a 
spherical shell in an electronic supply layer and a charge transportation layer may 
differ. For example, the concentration of the spherical shell-like carbon in an 
electronic supply layer may be smaller than the concentration of the spherical shell- 
like carbon in a charge transportation layer. For example, the difference of the 
content of the spherical shell-like carbon of an electronic supply layer and a charge 
transportation layer may be 5 - 70-% of the weight (for example, 10 - 50 % of the 
weight) extent preferably one to 80% of the weight, for example. The content of the 
spherical shell-like carbon in a charge transportation layer of the content of the 
spherical shell-like carbon in an electronic supply layer may be 1 0 % of the weight or 
more (for example, about 10 - 70 % of the weight) 10 or less (for example. 0 - 10 % 
of the weight, especially about 0 - 7 % of the weight) % of the weight' 
[0038] In the photo-electric-conversion ingredient or component of said layer 
structure, each class may be formed by chemical, physical vapor deposition, the 



coating method using said matrix resin (conductive polymer etc.). the approaches 
that combined these approaches, etc., such as the various producing-film methods, 
for example, sputtering, and vacuum evaporationo. For example, on a substrate, the 
coating liquid which contains spherical shell-like carbon and matrix resin according 
to an electron donor and the need is coated, an electronic supply layer is formed, 
the coating liquid containing a photosensitizer and matrix resin is coated, a 
photosensitization layer is formed, and a charge transportation layer can be formed 
by coating the paint containing an electron acceptor, an electronic transporter, and 
matrix resin. Moreover, desired layers (for example, photosensitization layer etc.) 
may be formed with chemical or physical vapor deposition as occasion demands. 
[0039] the rate of the spherical shellHike carbon in an electronic supply layer — the 
matrix resin 100 weight section — receiving — for example. 0.01 - 10 weight section 

— desirable — 0.1 - 9 weight section — it is 1 - 8 weight section extent still more 
preferably. 

[0040] the rate of a photosensitizer [ on a photosensitization layer and as opposed 
to the whole 100 weight section ] — for example, the 1-100 weight section — 
desirable — the 2-100 weight section — it is 5 - 100 weight section extent still 
more preferably. 

[0041] In a charge transportation layer, the rate of an electron acceptor (spherical 
shell-like carbon) to the whole 100 weight section Preferably more than 10 weight 
sections (for example. 1 0 - 200 weight section extent) For example, more than 1 5 
weight sections They are more than 20 weight sections (for example, 20 - 1 20 
weight section extent) preferably to (for example, 15 - 150 weight section extent) 
and a pan. The rate of an electronic transporter (a line or tubed carbon) For example, 
they are more than 2 weight sections (for example. 2-30 weight section extent) 
still more preferably preferably more than 1 weight section (for example, 1 - 50 
weight section extent) more than the 0.1 weight sections (for example. 0.5 - 100 
weight section extent). 

[0042] furthermore, the thickness of an electronic supply layer — for example, 5nm 

- 50nm - 50 micrometers 300 micrometers (for example. 5nm - 30 micrometers) are 
50nm - about 30 micrometers still more preferably preferably, the thickness of a 
photosensitization layer — for example, 5nm - 5nm - 5 micrometers 50 micrometers 
are 5nm - about 1 micrometer still more preferably preferably, the thickness of a 
charge transportation layer — for example, 5nm - 50nm - 50 micrometers 300 
micrometers (for example, 5nm - 30 micrometers) are 50nm - about 30 micrometers 
still more preferably preferably. 

[0043] The substrate with which said component and layer can combine said 
substrate physically or chemically by adsorption, a chemical bond, etc. according to 
the class and application of a photo-electric-conversion ingredient, for example, a 
conductor, a semi-conductor, and an insulator (for example, conductive metals, such 
as gold, silver, copper, and aluminum. — ) transparence insulators, such as half- 
conductors, such as transparence conductors, such as tin oxide, indium oxide, a zinc 



oxide, and ITO. or a half-conductor, and silicon, or an insulator, glass, and plastic film, 
conductivity, semi-conductivity, or the insulating ceramics — etc. — from — it can 
choose suitably. 

[0044] In addition, a substrate can also be used as an electrode of an optoelectric 
transducer (for example, photoelectric cells, such as a solar battery). In this case, a 
transparence conductor or a half-conductor can be used for the electrode by the 
side of the incidence of light, and conductive metals, such as a metal, etc. can be 
used for the electrode of the opposite side. Moreover, the transparence conductor 
by the side of the incidence of light may be protected with transparence substrates 
(glass plate etc.). 

[0045] As a solvent of said coating liquid, alcohols, ester, ketones, ether, amides, a 
sulfur content compound (sulfoxides are included), halogenated hydrocarbon, and 
hydrocarbons are mentioned, and a solvent may be used as a mixed solvent, for 
example. In addition, since aromatic hydrocarbon (benzene, toluene), alicycle group 
hydrocarbons, aliphatic hydrocarbon (cyclohexane etc.) (normal hexane etc.). 
halogenated hydrocarbon, carbon disulfides (a methylene chloride, chloroform, 
trichloroethylene, etc.). etc. have many amounts of dissolutions to fullerene and 
nanotubes, they are suitable. 

[0046] In addition, after being able to adopt the approaches of common use, such as 
for example, a spin coating method, a spray coating method, the roll coating method, 
and vacuum deposition, as coating and coating it with coating liquid, the photo- 
electric-conversion ingredient which has layer structure can be obtained by drying. 
[0047] More specifically in the optoelectric transducer of the layer structure, an 
electronic supply layer can be formed with low-concentration (for example, 10 or 
less % of the weight) fullerene (C60 etc.) and matrix resin (conductive polymers, 
such as thiophene system resin and phenylene system resin, especially p mold 
conductive polymer). This electronic supply layer may contain charge transportability 
compounds (for example, discotheque liquid crystal which can convey an electron 
hole) before and behind percolation concentration. 

[0048] Since a photosensitization layer makes charge separation generate, it may be 
distributing [ the photosensitizer ] in the interface of an electronic supply layer and 
a charge transportation layer that what is necessary is just to intervene between an 
electronic supply layer and a charge transportation layer. Moreover, the spectral 
characteristics of an optoelectric transducer are improvable with a class, a layer or 
a distributed gestalt of a photosensitizer, etc. 

[0049] An electron transport layer can be formed with for example, fullerene (C60 
etc.), carbon nanotubes. and matrix resin (conductive polymer, especially n mold 
conductive polymer). The charge transportability compound as well as carbon 
nanotubes may be included in this electron transport layer by the concentration 
beyond a percolation threshold. In this case, the compound which produces optical 
induction charge transfer between conductive polymers with fullerene (C60 fullerene 
etc.) may be used. 



[0050] The broad application to various photo-electric-conversion devices, current- 
toHight-transference devices, or optoelectronics devices using a photo-electric- 
conversion function, a magnification function, an optical-rectification function, etc. is 
possible for the photo-electric-conversion ingredient and optoelectric transducer, or 
device of this invention. For example, it is useful as an electronic device or 
optoelectric transducers (diode, a rectifying device, a photodiode, a photosensor, an 
optical switch, a transistor, FET, holographic component, etc.), photoelectric cells 
(solar battery etc.). a photovoltaic cell, optical recording material (the photo 
conductor in an electrophotography method, a photoconductivity toner, optical 
memory, etc.), etc. Especially, photoelectric conversion efficiency is high, and since 
it is moreover stable, it is suitable as an optoelectric transducer of a photoelectric 
cell. And since large-area-izing, thin-film-izing, lightweight-izing, and the cost cut 
are possible, a photo-electric-conversion device can be applied to a wall, an 
aperture, etc., and can be used as an optoelectric transducer of a next-generation 
solar battery. 
[0051] 

[Effect of the Invention] Since spherical shelHike carbon, a line, or tubed carbon is 
combined in this invention, a photo-electric-conversion function is high. Moreover, 
large-area-izing. thin-film-izing, lightweight-izing, and a cost cut are possible. And 
easy structure shows high stability and conversion efficiency. Therefore, a photo- 
electric-conversion ingredient or its component is suitable for the photoelectric cell 
(especially solar battery). 
[0052] 

[Example] This invention is not limited by these examples although this invention is 
explained more below at a detail based on an example. 

[0053] In addition, the molecule qualification object was prepared in the following 
examples, using the following two approaches as the molecule qualification approach 
(the butyl-ized approach). (1) C60 fullerene. a carbon nanotube or a graphite ribbon 
(5g). dibutyl zinc (105g). and iodation butyl (50ml) were put into the flask, and it 
stirred at 180 degrees C for 4 hours. Ethanol and dilute hydrochloric acid washed 
after reaction termination, and the butyl ghost was prepared. (2) C60 fullerene, the 
carbon nanotube or the graphite ribbon (5g), Potassium K (7g), and Tetrahydrofuran 
THF (100ml) were put into the three necked flask, and it stirred at 60 degrees C 
under ultrasonic irradiation for 5 hours. Then, 90ml iodation butyl was added and it 
stirred at the room temperature overnight. The residue was washed by water- 
ethanol after distilling off a solvent, and the butyl ghost was prepared. 
[0054] The example 1 conductive polymer OOPPV (Pori (2, 5-dioctyloxy-p- 
phenylenevinylene)) was dissolved into chloroform, and the C60 fullerene 5 weight 
section (as opposed to said conductive polymer 100 weight section) which carried 
out molecule qualification as an electron donor was added and ultrasonicated in this 
solution. On the quartz-glass substrate which formed the ITO film for the obtained 
paint as a transparent electrode, the spin coat was carried out and the thin film 



(electronic supply layer with a thickness of 120nm) was formed. 
[0055] Moreover, the conductive polymer CNPPV (CN Pori (p-phenylenevinylene)) 
was dissolved into the trichloroethylene. and the C60 fullerene 20 weight section 
and the carbon nanotube (average diameter [ of 40-200nm ], average die length of 
20-30 micrometers) 2 weight section which carried out molecule qualification by 
polyethylene oxide as a charge transporter were added and ultrasonicated as an 
electron acceptor in this solution. The spin coat of the obtained paint was carried 
out on the electronic supply layer, and the charge transportation layer (thickness of 
50nm) was formed. Furthermore, on the charge transportation layer, aluminum was 
vapor-deposited, the up electrode was formed, and the component was produced. 
[0056] In addition, using the graphite electrode, arc discharge of the C60 above- 
mentioned fullerene was carried out in the helium ambient atmosphere of lOOmmHg. 
and it extracted the obtained soot with benzene, made the basic activated alumina 
support for C60 obtained mixture, and prepared it by carrying out column separation 
purification by using a hexane as an expansion solvent. Moreover, using the CVD 
method, a carbon nanotube is 700 degrees C and prepared nickel-phthalocyanine as 
a raw material. 

[0057] DC power supply were connected to the produced component, and the 
photoconductivity was investigated. The component was an insulator when not 
irradiating light. The photocurrent was observed when the light of a light field was 
irradiated from the transparent electrode side at this component. As a result of 
carrying out the spectrum of the tungsten lamp and measuring the wavelength 
dependency of photocurrent reinforcement, the optical response was observed to 
the wavelength of 700nm or less. 

[0058] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
fault power occurred, and it turned out that it is a good solar battery. The energy 
conversion efficiency of this solar battery was 4%. 

[0059] By carrying out vacuum deposition of the porphins (OKUTA ethyl porphyrin) 
as example 2 photosensitizer. the same component as an example 1 was produced 
except forming a photosensitization layer (thickness of 40nm) between an electronic 
supply layer and a charge transportation layer. The photocurrent was observed when 
the light of a light field was irradiated from the transparent electrode side at this 
component. As a result of carrying out the spectrum of the tungsten lamp and also 
measuring the wavelength dependency of photocurrent reinforcement, the optical 
response was observed to the wavelength of 800nm or less. Moreover, the 
photocurrent value increased as compared with the example 1. 
[0060] When this solar battery irradiated the homogeneous light with a wavelength 
[ a transparent electrode side to ] of 635nm to the rectifying action, it turned out 
that fault power occurs and is a good solar battery. The energy conversion 
efficiency of this solar battery was 5%. 

[0061] Three examples formed in matrix resin (60 % of the weight (2. 5-dioctyloxy- 



p-phenylenevinylene) of OOPV Fori. 30 % of the weight (CN Fori (p- 
phenylenevinylene)) of CNPPV(s)) 2 % of the weight of carbon nanotubes which 
carried out molecule qualification by polyethylene oxide as 5 % of the weight of C60 
fullerene and the charge transportation body as an electron acceptor, and the 
photoconductor which carried out molecular dispersion of the 3 % of the weight 
(OKUTA ethyl porphin) of the porphins as a photosensitizer. In addition, the same 
fullerene and same carbon nanotube as an example 1 were used for fullerene and a 
carbon nanotube. 

[0062] That is. the above-mentioned component was dissolved in chloroform / 
trichloroethylene mixed solvent, on the quartz-glass substrate which formed the ITO 
film for the obtained paint as a transparent electrode, the spin coat was carried out 
and the thin film (thickness of 0.3 micrometers) of a photoconductive layer was 
formed. Furthermore, on the photoconductive layer, aluminum was vapor-deposited, 
the up electrode was formed, and the component was produced. 
[0063] The DC power supply was connected to the produced component, and the 
photoconductivity was investigated. The photo conductor was an insulator when not 
irradiating light. The photocurrent was observed when the light of a light field was 
irradiated from the transparent electrode side at this component. As a result of 
carrying out the spectrum of the tungsten lamp and measuring the wavelength 
dependency of photocurrent reinforcement, the optical response was observed to 
the wavelength of SOOnm or less. 

[0064] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
fault power occurred, and it turned out that it is a good solar battery. The energy 
conversion efficiency of this solar battery was 3.5%. 

[0065] The example 4 conductive polymer OOPFV (Fori (2. 5-dioctyloxy-p- 
phenylenevinylene)) was dissolved into the chlorobenzene. and this solution was 
ultrasonicated. On the quartz-glass substrate which formed the ITO film for the 
obtained paint as a transparent electrode, the spin coat was carried out and the thin 
film (electronic supply layer with a thickness of 1 20nm) was formed. 
[0066] Moreover, the conductive polymer CNPPV (CN Fori (p-phenylenevinylene)) 
was dissolved into the trichloroethylene. and the carbon nanotube (average diameter 
[ of 40-200nm ]. average die length of 20-30 micrometers) 2 weight section was 
added and ultrasonicated as a charge transporter with the C60 fullerene 20 weight 
section as an electron acceptor in this solution. The spin coat of the obtained paint 
was carried out on the electronic supply layer, and the charge transportation layer 
(thickness of 50nm) was formed. Furthermore, on the charge transportation layer, 
aluminum was vapor-deposited, the up electrode was formed, and the component 
was produced. 

[0067] DC power supply were connected to the produced component, and the 
photoconductivity was investigated. The component was an insulator when not 
irradiating light. The photocurrent was observed when the light of a light field was 



irradiated from the transparent electrode side at this component. As a result of 
carrying out the spectrum of the tungsten lamp and measuring the wavelength 
dependency of photocurrent reinforcement, the optical response was observed to 
the wavelength of 700nm or less. 

[0068] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 
energy conversion efficiency of this solar battery was 0.8%. 

[0069] It replaced with example 5 carbon nanotube. and the same component as an 
example 4 was produced except using a graphite ribbon. The photocurrent was 
observed when the light of the light region of this component was irradiated from the 
transparent electrode side. As a result of carrying out the spectrum of the tungsten 
lamp and measuring the wavelength dependency of photocurrent reinforcement, the 
optical response was observed to the wavelength of 700nm or less. 
[0070] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 
conversion efficiency of this solar battery was 0.7%. 

[0071] It replaced with example 6C60 fullerene and a carbon nanotube, and the same 
component as an example 4 was produced except using a graphite ribbon. The 
photocurrent was observed when the light of a light region was irradiated from the 
transparent electrode side at this component. As a result of carrying out the 
spectrum of the tungsten lamp and measuring the wavelength dependency of 
photocurrent reinforcement, the optical response was observed to the wavelength of 
700nm or less. 

[0072] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 
conversion efficiency of this solar battery was 0.5%. 

[0073] By carrying out vacuum deposition of the porphins (OKUTA ethyl porphyrin) 
as example 7 photosensitizer, the same component as an example 4 was produced 
except forming a photosensitization layer (thickness of 40nm) between an electronic 
supply layer and a charge transportation layer. The photocurrent was observed when 
the light of a light field was irradiated from the transparent electrode side at this 
component. As a result of carrying out the spectrum of the tungsten lamp and also 
measuring the wavelength dependency of photocurrent reinforcement, the optical 
response was observed to the wavelength of 800nm or less. Moreover, the 
photocurrent value increased as compared with the example 4. 
[0074] When this solar battery irradiated the homogeneous light with a wavelength 
[ a transparent electrode side to ] of 635nm to the rectifying action, it turned out 
that an overvoltage occurs and is a good solar battery. The energy conversion 
efficiency of this solar battery was 1.5%, 



[0075] The example 8 conductive polymer OOPPV was dissolved into the 
chlorobenzene. and the C60 fullerene 5 weight section (as opposed to the OOPPV 
ICQ weight section) was added and ultrasonicated as an electron donor in this 
solution. On the quartz-glass substrate which formed the ITO film for the obtained 
paint as a transparent electrode, the spin coat was carried out and the thin film 
(electronic supply layer with a thickness of 1 20nm) was formed. 
[0076] Moreover the conductive polymer CNPPV was dissolved into the 
trichloroethylene, and the carbon nanotube (average diameter [ of 40-200nm ]. 
average die length of 20-30 micrometers) 2 weight section was added and 
ultrasonicated as a charge transporter with the O60 fullerene 20 weight section as 
an electron acceptor in this solution. The spin coat of the obtained paint was carried 
out on the electronic supply layer, and the charge transportation layer (thickness of 
50nm) was formed. Furthermore, on the charge transportation layer, aluminum was 
vapor-deposited, the up electrode was formed, and the component was produced 
[0077] The DC power supply was connected to the produced component, and the 
photoconductivity was investigated. The component was an insulator when not 
irradiating light. The photocurrent was observed when the light of a light field was 
irradiated from the transparent electrode side at this component. As a result of 
carrying out the spectrum of the tungsten lamp and measuring the wavelength 
dependency of photocurrent reinforcement, the optical response was observed to 
the wavelength of 700nm or less. 

[0078] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 
energy conversion efiiciency of this solar battery was 2%. 

[0079] By carrying out vacuum deposition of the porphins (OKUTA ethyl porphyrin) 
as example 9 photosensitizer, the same component as an example 8 was produced 
except forming a photosensitization layer (thickness of 40nm) between an electronic 
supply layer and a charge transportation layer. The photocurrent was observed when 
the light of a light region was irradiated from the transparent electrode side at this 
component. As a result of carrying out the spectrum of the tungsten lamp and 
measuring the wavelength dependence of photocurrent reinforcement, the optical 
response was observed to the wavelength of 800nm or less. 

[0080] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 
conversion efficiency of this solar battery was 3%. 

[0081] It replaced with example 10C60 fullerene and a carbon nanotube, and the 
same component as an example 8 was produced except using molecule qualification 
060 fullerene and a molecule qualification carbon nanotube. The photocurrent was 
observed when the light of a light region was irradiated from the transparent 
electrode side at this component. As a result of carrying out the spectrum of the 



tungsten lamp and measuring the wavelength dependency of photocurrent 
reinforcement, the optical response was observed to the wavelength of SOOnm or 
less. 

[0082] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 
conversion efficiency of this solar battery was 4%. 

[0083] Instead of example 1 1 C60 fullerene and a carbon nanotube, the same 
component as an example 9 was produced except using molecule qualification C60 
fullerene and a molecule qualification carbon nanotube. The photocurrent was 
observed when the light of a light region was irradiated from the transparent 
electrode side at this component. As a result of carrying out the spectrum of the 
tungsten lamp and measuring the wavelength dependency of photocurrent 
reinforcement, the optical response was observed to the wavelength of 800nm or 
less. 

[0084] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 
conversion efficiency of this solar battery was 5%. 

[0085] Instead of example 12C60 fullerene and a carbon nanotube, the same 
component as an example 8 was produced except using molecule qualification C60 
fullerene and a molecule qualification graphite ribbon. The photocurrent was 
observed when the light of a light region was irradiated from the transparent 
electrode side at this component. As a result of carrying out the spectrum of the 
tungsten lamp and measuring the wavelength dependency of photocurrent 
reinforcement, the optical response was observed to the wavelength of 800nm or 
less. 

[0086] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 
conversion efficiency of this solar battery was 4.5%. 

[0087] Instead of example 1 3C60 fullerene and a carbon nanotube. the same 
component as an example 9 was produced except using molecule qualification C60 
fullerene and a molecule qualification graphite ribbon. The photocurrent was 
observed when the light of a light region was irradiated from the transparent 
electrode side at this component. As a result of carrying out the spectrum of the 
tungsten lamp and measuring the wavelength dependency of photocurrent 
reinforcement, the optical response was observed to the wavelength of 800nm or 
less. 

[0088] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 



conversion efficiency of this solar battery was 5.3%. 

[0089] Instead of example 1 4C60 fullerene and a carbon nanotube. the same 
component as an example 8 was produced except using a molecule qualification 
graphite ribbon. The photocurrent was observed when the light of a light region was 
irradiated from the transparent electrode side at this component. As a result of 
carrying out the spectrum of the tungsten lamp and measuring the wavelength 
dependency of photocurrent reinforcement, the optical response was observed to 
the wavelength of 800nm or less. 

[0090] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 
conversion efficiency of this solar battery was 3.5%. 

[0091] Instead of example 15C60 fullerene and a carbon nanotube. the same 
component as an example 9 was produced except using a molecule qualification 
graphite ribbon. The photocurrent was observed when the light of a light region was 
irradiated from the transparent electrode side at this component. As a result of 
carrying out the spectrum of the tungsten lamp and measuring the wavelength 
dependency of photocurrent reinforcement, the optical response was observed to 
the wavelength of 800nm or less. 

[0092] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 
conversion efficiency of this solar battery was 4.6%. 

[0093] The photoconductor which the molecule qualification C60 fullerene 5 weight 
section as an electron acceptor and the molecule qualification carbon nanotube 2 
weight section as a charge transporter are distributed in the matrix resin OOPPV60 
weight section and the CNPPV30 weight section as 1 6 examples, and made them 
distribute said porphin 3 weight section as a photosensitizer was produced. That is, 
the above-mentioned component was mixed with the chlorobenzene / 
trichloroethylene mixed solvent, on the quartz-glass substrate which formed the ITO 
film for the obtained paint as a transparent electrode, the spin coat was carried out 
and the thin film (thickness of 0.3 micrometers) of a photoconductive layer was 
formed. Furthermore, on the photoconductive layer, aluminum was vapor-deposited, 
the up electrode was formed, and the component was produced. The photocurrent 
was observed when the light of a light region was irradiated from the transparent 
electrode side at this component. As a result of carrying out the spectrum of the 
tungsten lamp and measuring the wavelength dependency of photocurrent 
reinforcement, the optical response was observed to the wavelength of 800nm or 
less. 

[0094] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 



conversion efficiency of this solar battery was 3.5%. 

[0095] Instead of example 17C60 fullerene and a carbon nanotube, the same 
component as an example 1 6 was produced except using a molecule qualification 
graphite ribbon. The photocurrent was observed when the light of a light region was 
irradiated from the transparent electrode side at this component. As a result of 
carrying out the spectrum of the tungsten lamp and measuring the wavelength 
dependency of photocurrent reinforcement, the optical response was observed to 
the wavelength of 800nm or less. 

[0096] When this solar battery showed the rectifying action and the homogeneous 
light with a wavelength of 635nm was irradiated from the transparent electrode side, 
the overvoltage occurred, and it turned out that it is a good solar battery. The 
conversion efficiency of this solar battery was 3.9%. 
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■7—. ^mm. ^yx^u>:i-+vhVj:if<D^Al3j:y 
#E«iLTt,J:l^o 37^— U>SO)igfiei=J:y, jSJ«, S 

[0015] ^aswaLfc^?— u>iiiLTi*. a 

K— hi Lra)^sii*aT?x(i-a 

^7 7— u>stt, *a-^xf*-afei±«ai¥^t)i*r^5 

[0 0 16] ^«xi*j§ttJK^(zfi. mm 
y7K>tt<DJBII<DBt0A<$*^t«. ;z©J:3'S 

[0 0 17] »*LL>|lttX(iMtt0g»i, 

■efeoTt,<fc<. z^-^^— (bucky-onion) ^ 
[0 0 18] 5^3.-3^!S'feif<D^*^x(*® 

ttiSSmO^J^itgl*. 0!|^lf, O. 7~300nm. » 
^L<(*0. 7'>-2S0nm. $t,|Cjf^L<li1 ~2 
50nm, #rc5~2 5 O nmSJfT?fcor4.J:Lv, tj. 
fc\ MiE^l^mSI*. y*>ttfl!)}BIEG)8g^l?l4. spj^ 

[0 0 19] ?^»^'^a>pjj§<b-\f>Sfatt<7)5!t#. 



(4) 
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[0 0 2 0] «^«^tt: (iEfl,g^tt:X<*«^fg^«iJ) 

L^o c:(0J:3^f«^#t-^ft:<i: LTIi, PT [/-f^'J (3- 

PPV [tKU (P-7i — U>e— U» ] . OOPV 

[/-K'J (2. 5-i;:j-'>5^7U:t^v-P-:7x::^U>|f 
-U» ] . PEDOT [tK'J (2, 3-i;tKP^X 
y) [3, 4-b] -1. 4-i?:i-^>] , PSS [tK 

CO o 2 1 ] %m^mt urr*, T>7':^^^• 

7K'JT-'J>. ^«Sf5^B|<b^«!i, /-KUT-Irr/I6#»« 

^ H ^ 7 X :=.;U7K;U7 -f >) >X(*^-<DSI3ltt: C*St- h 
^VUT-fehi/, ■Jf'Ji'>, EDTA (X5"U>i;T5> 

[0 0 2 2] ^mm§'mit-^^t lti*. :5jfii5iBJt 



[0 0 2 3] /-t«ur-b:/3g#is«jt&:&t-^<b^^ii, 

»raB36 O- 1 7 0 1 6 3#^«|CiHe$nTt^-5^S 

■efeoT. *^i^^/igsmS?-<35ll^itA<0. 0 5~ 
O. 5-Cfc*„ 

[0 0 2 4] /Na-y>liq^$:^-r-5ft^1&t LTI*. # 

fil^ig^b^t) (7-y<btf«v^/d:i:) . MM;* :7-v<b!^. 

;u^P7x:t-r/x.u>, ■?*3'yi/:*-peu»tct*) . c 

^^bM'fbTk^S'Jc ift)<m^v c*i,a,<D/\py>^b 
i&<©5"fe7ry<btf ^/^A^WSLL^, c^vt,<0/\py ><b 

[0 0 2 5] ^eS3, 7K;i.:7 -f'j 7\ijuy-fj>^ 

[O O 2 6] MiHfiEii-7?miiE5?ixfc3ta^8l*t^f*. « 
SS1±fcJ:l/ii5x^>;u^-gfe«S^^S|3K-r<S„ -r/j::h 

[0 0 2 7] :i(DJ:5tj:%m^mmnX'lt. 

«E*WLTfcy, '^ms.ii^izmm-^mumm^^m'ikm^ 
t3imji<±^t^it^. c(Dj:5fc, t/tmmmz^ij^ ^ 
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[0 0 2 81 mti^mmt. mm695Lmt^mmmm. 

'j;Hlxxv^;U*a^«:^fif) , ItKt*^;Uig«JSg (ff 

7'^"jyuKxx7^;i.^M^<*'Jfif) , T^7'j7U 

- 'J;i.Kxx7";i.*S^{t:, >5i^7'J;uK 

(^^) r^"j;i.^xxT^;u^fi^ 

>- 'j;u»xx-r;i.*s^t*:. x^^ui/- 

-So 

m^. tK'; (p -^x- u>t*— u» nsifOTK';:?! 
-i^>if-\y>mmm. 7K'j7x-u>x;u7-f Kig« 

flg. 7HU7x^u>:^:^i/K^«JIM3S^) , 
»^ (^'jfD— tK'J (3-T;i'4r;U^:t7x» 
JSifa>7K'J^:t7x>^mfl§, 7tf'J7 7>iR«tSM. ^'J 
-buy 7i>S«flM. TK'JT^^UP^xVjS^fli'tEi:) . 

4 - * + If o — ;u) /j: if<z> bf a — ;u3gSJflg^c 

<f) . iiLc:mmii-^ut'iim7FV^^, mmi^^^T 
IK 

[0 0 3 0] ni>jT±:ym^^mm^m-r^it-^mz 

[003 1] T^-fXa-r-f ^^/jftS^ffi^tt^^^* 



[0 0 3 2] -7 hU-y^XaSBStLr. p M#^t*6<ll4 

[0 0 3 3] *fii8a)3tm8t»*t«icfci^r, 

[0 0 3 4] »*Ll^tt»-^:^4. 5tli^^<D5teS!ie(c J: 

y^»lELfc+A'gTXl4«^5 («^-x(*iE?L) ^^J'Ml 

IfiJ) LTL%-5i:i4,|c, «^S§ft («fsStt^m) i.^ 

•&xi*jss (xiiffiiRi) uTL^-5„ $t>(c. m^mmt^ 

(iifi^ (X(*i5lpJ) LTfcy, «#«Ji2lf* (iS«XI4© 

tti^^) I*. 9tmmm'&-ft Lx . ^\'j7=s:mm.^mu 

[0035] Ed-Ll-P-L2-Ea- (Ct) 

S^ft, Ct(*a?^ta2l«:^5iLs Ea - (Ct) itm^ 
ggftE a i:«lt«ii2lft:C t tA<^^. ifi»X(4iHfS]L 
TL^SC:t*3?•t•o Ll*Sj:lXL2(i-e;tv-e*l|^— X(4m 
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<0—eit LTtt. jL(i. 2000 — 261 01 6 

^#RB r- # * o 

[0 0 3 6] ^^f*Ll^ll»(-fcl^r, 3feaSmtr« (X 

Coos 7] ::©J:5^EcS«jt(D3t«^g&*fJ|4lcfct^ 

^1*, 1~80SS%, »*L<ri5~7 0«a% («9 
X.ff. 1 0~5 0MS%) SigT?feoTt,J:Lx« ^^tft 

0-1 oMa%. #ico~7a»%sffi) , 

tf. io~7oag%ss) -cfeortjiLx. 
[0 0 3 8] mRmm^<Difim^mmn^itm=f-iztii\ 

IZJ: y ^b^MXIi1«!lSa<I^«,^lz J: y J^fiE LT t J: L^o 

[0 0 3 9] m^m^miztsii-i^^^iAm<om^it. 
■7 ^•^J v'p7.mm^ oommuiznLx. m^it. o. 
o 1 ~i omasp, »*L<»*o. i~9Msss. 

[0 0 4 0] ?tl8^S(CfclxT, ±(*:i 0 0«4SP(CS4 

t--S3tii@aijcDtij^it, «y;iif, i~i oomass. » 

*L<tt2~1 OOagfif, *t>|c»*L<l45~1 O 



[004 1] «^5^i^jslSlcfct^-c. ±«:i oofigsuic 

oagS9ia± (iUjLli^ 1 0~2 0 0SS§S€S) . $7 
*L<li1 5SSgPfel± (fifl^lf, 15~150aifiS 

sg) , * t.ic»*L<i*2oaagiJjji± m^it. 2 
0-1 2oa»ajss) -eifey. nf-m&{^ ctsttxi* 

©ttgl*) ©SJ^Ji. «ittf. o. iSfigpja± (««^t 

(f. o. 5~ioos«sP8e) , ff*u<(*isagp 
i*2aassw± («!ijiidf. 2~3o«asB«S) x& 

[00 4 2] *f,(C. «^«^S<DJ1^I*, d^li, 5 
nm~300Xim (^^1*. 5nm~30^im) . »S 
L<l*50nm~50//m. ^ &l=it7^ L < 5 O n m 

r\m~ 5 O um. ^ L < (* 5 n m~ 5 ^/ 
*L< 1*5 nm~ 1 jL/rngS-Cfc-S, m^t^j3IS<©ll* 
l*» m^ii^ 5nm~'3 0 0/im (•0l|x.lf» 5nm~3 
0//m) . j!f*L< 1*5 O nm~5 0//m, $ ^ 
L < 1*5 O n nn~ 3 O U rn^StX^^o 

[0 0 4 3] misssi*, iftmmwimn(ommx>mmiz 
H5CX. mmis.i^^mi><'ssim^it^m-^tj: if iz J: ij^nm 

t*. mmw m^it. m. m. T;u5-t?A^c<t*<7) 
[0 0 4 4] /j:jb\ i>tm^»m=f- m^it, * 

««:|*SB^aS "eft^LTtJcLV 

[0 0 4 5] m^m^m<ommtLxit. mxi*. t;u 
^mmtLx^mLx^jzi"^, j^mmmitT^mm 

■r^j'^—ymizfetr^mmmt)<^i^tz 

tbtzifmx'&^o 

[0 0 4 6] =i-^-c>-jfici*. m^ii. Xt*> 
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[0 0 4 7] J:yS(*Mlztt. Stt«{Jg<D3feSIE«l^^ 
KIT) <D7^— U>g (Ceo^fif) ^h'J-><7X« 

[0 0 4 81 iftmfSmit. S!Sr^J-BI*±«*-fr«fctf>, 

[0 0 4 9] m^^iH^li, T'?— U>IS (C 

X';fim&mm^W)'S:± c^it-^m^mi^x t, j: i^, 
[0 0 5 0] :$imm<D^n^m^ntsj^if^m^Wim'^ 

[005 1] 
[O O 5 2] 

[^jseii] laTir, mmmiz&^i^x:^n^^i:ijmm 
izm^-r^i}^ ^mmitztiib<Dmmmizj:-Dxmmi 



[0 0 5 3] >ifc. JaT<7)iii6C9izfct^T, ^j^-i^ts:^ 
a (:?^;Mb:^^) tLxit. jaT©2:^^^fflt\T5J- 
(1) C6037^— 7H> 
:#->'5=^i— :?Xtty53»T-f (Sg) , 

/uffi^ (1 0 5g) , a-^^b^^^i. (5 0m I) ^r*^ 

1 8 0°C1?4^PBliflf Lfco StEilT^, 

(2) C607^— Ui/. *— 

7T-f h-V7tf> (5g) . ^'J'^l.K (7g) . 

tKa75>THF (100ml) ^ = n:7^xzi(cA 

*l. aW«flS«T. 6 0"C-C5B#PBllgJtLfc<, g|l»T, 
9 Om I (DB'^ityj'Jl.^mpi. M^X—tSimt^Ltzo 

[0 0 5 4] Uti^l 
«mttS»^-OOPPV (7tf"J (2, 5-i;;i-^5^;i,:i- 

jS«$-t±, COjgjft^lC, «^tt^i*<t L-C^^^iSttL 

fcC6o:7^-u:^5ssai (itriBsses^-^ 1 oom 
fiaji=i*LT) ^m^. m^&9&mLtz, m^Htzm^ 

ffi±ICXt'>3— KLrSIK (m^t 2 0nm<Z>S^tt 

[0 0 5 5] Sfc, »«tt^$J-TCNPPV (CN tH 
U (p-37i^U>t':z.U» ) ^ f-';^7PPi^U> 

'pizmmt-^. :i<Dfg}&'piz^ m^Si^wtLxcQoz' 

^-lx>2 0Sfia5t. L-C;K'Jx^u> 

:i-=^'>\^X^'=i-iSmLtztl—7n>±yj-n.— y (W-i^^ 
g40~200 

[0 0 5 6] /j:fc\ JifBC6o:?5— litaa@* 
fflLV 1 OOmmH gCD'ViJHyAflHS-er— ^7StS 

7 0 01C-C, N i -7^P*>T->*JS«i:LTfS«L 
[0 0 5 7] f^SUfc«^(;it3ii«3S^ffij^LT. 5t» 

■otzo ^<om^iz-s!^t^mm<D^^mmmumii^h3mm 
Ltzt^^. tftmm<mmt*ifz. 5'>^fx7^>^>:f 

O O n mJJlTOsftSIzS* LT3tJES*<a»l$*lfc„ 
[0 0 5 8] C(D*PiS*(*. SSgtt^n^L, Sl^Bffi 
(i"j7!»''f>jefi6 3 5 nma)m-fe3t$fiB|?Lfci 
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[0 0 5 9] mmisi2 

It. mmm^ <ti^«o>^^^f^sLfc, cKD^^icpia 

a);:Sfi«c#ttt,?91S L/iiiSS, 8 O O n miaTfl>JKSlr 

[0 0 6 0] ssstt^, i®B^«a^l)*^ 

[006 1] niseis 

m=f-it. -7 h ') <? :^mfiB (OOP vtK'j (2. 5-v 

%, CNPPV (CN (p-7i^U>e— U 

» ) 3 0fia%) IC. m^SS»:i:LT<OC60:'^- 

[0 0 6 2] t-JtCt?*,. ±I5J$5J'^^7 0D7^^UA/K'J 

mmmtStt LT I TOjg|S»fiELft:C35:tf^xS«Jtlc 
Xtf>a— HL-C3tSiSS<oaSBI (jg[^o. 3//m) ^ 

[0 0 6 3] f^»Lfclfe^l=iSS«ll^«g|Lr. 

:?*ij-3tL. ^mm^&<Df&&mw^t:m^Ltzmmi. 

8 O O nmWT©jlSfilCjl*Lr3tJSSA<Sa!l*;h,fc. 
[0 0 6 4]^(D*[ie;Tij|*. S3St14$S^L. SBjm® 
<IJA^t.jfiE«6 3 5 nm(D*fe3tSfiB|tLfci:C^), iSIl 

[0 0 6 5] mmmA 

©«14S^J-tFoop P V (tK'J (2, 5-i?:i-^^;u:i- 
^*>-p-3?x:zix>t*— U» ) $'5'aa'<i/4fi/i|j 

m^. m^mmtLx i ToiRsjKRELfcsis**^;^* 



[0066] *y=. aimttS^i-TCNPPV (CN 7}^ 

u (p-:7ji^L/>t*— u» ) $ h';'57DQx^u> 

*I-?§«3f1*. C(DiSj«4'lc. S^g§«:i: LTC607 

5-u>2 0Msa5t, mmmskt*^tLxi3-ni:y)-y 

— 3f (¥lSitg4 0~2 O O nm, ¥i^fi$2 0-- 

3 0//m) 2aagssjn^. aitiKi&sLfco !#f>*tfc 
TJi^z-'^j^^mmLx±&mm^m^L. m^n^m 

Ltzo 

[0 0 6 7] i¥mLtzm^izm.^mm^mmLx . 
[0 0 6 8] z.<Dxmmmtt. ssstt^s^L, 

ffllA^t>3Rg6 3 5 nmOm'&ift^mmLtztZ^^ }&m 
[ O O 6 9 ] |6S6^ 5 

3te«3gSJS<0;'S*t&#tt$;ll^Lfcie*. 7 00n 

[0 0 7 0] :ioxmmmit. ssstt^siL. 

*SSJ6<©^SIS!l^tt 0 . 7 %T- fe o /=. 
[O07 1 ] ||JS0«6 

7 O O nmJiiTfl>iKfilCj*LT3tJ5SA<«a[|$*1, 

[0 0 7 2] zoxmmmtt. saSEis^^L. ise^mfii 

*Bgmjte©^«i3aj^i*o. s%-efcofc. 
[o o 7 3] mmm7 

illJ9^(Ord(=3^iaS£S (^^4 0nm) ^j^^-T-^iu^ 
I*. *iS«<l4<tH1t<D*^$t^gLfc<, crom^lzWtl 
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OaSfittfftttiSIS Lfc^S. 8 O O n m&LTO&SlZ 
[0 0 7 4] C(D;»:^fi,%lj:. SSSIt^. 

[0 0 7 5] mmina 

»«14iS^J-^oo p p v$^<7 p p^>-if :yttJ(cj§/!?j 
1+. ZOmm^Plz^ «^fit#f*i:LTC607^-U>5 

asg^ (ooppv 1 oofifiSPlc^jLT) *)bnjl> 
iBWiKjESLfc. iie)*ifc«8^»i»J*. SMSffitUri 

»K (.m^ 1 2 O n mG)«^«4-S) SJg/SLfc. 
[007 6] SSttBi^^CNPPV* h'J^7P 

px5^U>4ir=jS«*l*. croiSiScfJic, «^S§<*t 
LTC607^-U>2OS«a5t, S^^^iSlitt LTA 
— 7f?l/-^y -5^^.— 3f (^i^ag 4 0~2 O O nm. ^FJ^ 
S*20~30//m) 2Sag5^3!inx. S#«ffllSL 

Coo 7 7] <^SLfc^^lCiS}t«3g^ffiig|LT. ife^l 

[0 0 7 81 Cfl)*:®^,*!*. SgglSt^^L. SISW® 
fi!A^e>«S6 3 5 nm(Dmfe3t*fiBStLf=tC5, ifiS 

to 0 7 9] ||SS<5!|9 

xkmtoimi-iftmBm (s:^40nm) ^mf$.-r^&L9\- 

;TK:gtt#3S*ajS Lfcse^. a O O n mJaTOJjfiftlCj^ 

[00 8 0] z<Dxmm}&its m^^^^L. s^me 

mti'^if&me 3 5 nm<om^tft^mmLtztz^. j§m 

[008 1 ] O 



3t«3gS)g(D;-K:g«c#i±$aj^LfciKm. 8 00n 
[0 0 8 2] C<D*PgaJi!H±. S35<t^5^L, Si^S^ 

[ O O 8 3 ] 1 1 

3teL, jt€dS£^iS(D2E^fit&#1t$S9£Lf=^m, 8 00 

C0 0 8 4] c<D*^B,*i*. s35tt$^L, mmm^ 

[00 8 51 SIJS^I 2 

c 60 ^— 1^ o^* — 7p y ^ i— :/(Dftt5 y i=. 

L. j^«3S^I$0%:g{tc#1±$;-il£L/=tSm, 8 00n 

[00 8 6] g35tt^5^L. SMmS 

ffiyA^iijfiSe 3 5 nm(Dmfe3t$RgStLfci:C^. iSQ 

*fi«?&a)^^3eS*I*4. 5%T?&ofc. 
[00 8 7] SJte^l 3 

ceo":'?— 7Ri/:^y rffljR^^yic, 

^filffl-r-Smii, il«6^9il^»CDm^$f^S!Lf=. 
C (Om^lr Pl|fl3t Ufa) 3t ^ Se^Wafid ^> RHIt L t C 

ate€d!E^iSa>;%«ftc:^1t$;-il£Lf::t$%. 8 O O n 

[0 0 8 8] CO^^aitel*, SSSttt^^L, aSBBfii 
mA^t>jKS6 3 5 nmO^feJt^figlfLfctC^, iSB 
ffiA<II^L, S»^*Pitiab-Cfc«::t*<J|ajofc. CO!) 
*ffiSitb<0^^^ft^l*5. 3%-Cfeofc, 

[ O O 8 9 ] 1 4 

mmmmmii^i^minLtztz^. ^m^a^mm^Htz, 
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[0 0 9 0] c:<o*^m,*ii. ssStt^^L, mmmm 

[009 1 ] HJSCllI 5 

[00 9 2] Z<D:^mn^it. fiSSIt^^L, 
<IIA^&jftS6 3 5 nm<©*fe3(t*BgatLfct )3S 

[0 0 9 3] mmmt 6 

^^tLT. T h'J«>^7X«IiiOOPPV6 OSfiSHS 
i;CNPPV3 0fi»g|Jlc. mTS:WWi:LX<D^^m 
t9iC60^^-^>5«aapt, LT©»^ 

<tfi|i*-7t?>-^y^i-:y2SSSf. iteJtffiJWt Lrttr 



sp«a^}K^L. ^T^f^MLfc, c<D«^icpr«3tm 

ttSitSSfSLfcteS. 8 O O n mJilT©jKg»cJ* LT 
[0 0 9 41 c:(D*^mjteliv S3514^^L. 

CO 0 9 5] ||liS«?l 7 

fftt^a^LfcJSm. 8 O O nmJaT<D««lC^*L-C3t 

[0 0 9 6] Z(!>:i:mm?tnt. Mdilli^^L. £l§tt«E 
<W*^t.;ftS6 3 5 nm<Dmfe3t*Rg*tL/ciC%, iSS 
S.i)<%±L. a»^f*HSjl!j-eife-5CtA<!i!i|ofc, CO 
*RgS5ft(D^»3a^tt3. 9%-Cfcofr. 



F^»— A(##) 4J002 BB061 BBllI BC031 BC071 
BE061 BF021 BG041 BM001 
CE002 CF031 CG001 CH071 
CL001 CM012 CM013 CN031 
CQ001 0A026 DA036 DA067 
DA1 17 EA068 EE048 EU008 
EU028 FA006 FA046 FA116 
FB007 FD206 FD208 GOOD 
G002 

5F0S1 AA05 AA14 BA12 CB12 
5H032 AA06 AS05 AS16 EE16 



